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At least thirty  years ago  chemical  investigations  made  upon  the 
blood of persons  suffering  from  leukaemia  seemed to  show that  in 
those forms of the disease characterized  by the presence of granular 
myelocytes peptone  was  formed in  the blood.  Schumm, 1 in  19o3, 
pointed out that peptones were only formed in the blood after it had 
been  shed,  while  Erben, 2 at  the  same  time,  demonstrated  that  the 
leucocytes  from  the  blood of  cases of  myelogenous leuk~emia  con- 
tained a  ferment which was capable of digesting  fibrin.  Digestion 
took place best if the fibrin and  cells were suspended in an  alkaline 
fluid,  though  some evidence of  the  proteolysis  could be seen  when 
acid  was  used.  That  both  the  polymorphonuclear  leucocytes  and 
the  neutrophilic  granular  myelocytes  contain  enzymes  that  are 
capable  of  digesting  blood  serum  at  55 °  or  6o °  C.  or  gelatin  at 
36°C.  has been amply demonstrated  by Jochmann  and  Miiller  3 and 
Stern and Eppenstein. 4  These investigators  have  found repeatedly 
this  enzymotic  action  in  the  cells  from  the  blood  of  cases  of 
myelogenous  leukaemia,  but  have  failed  to  demonstrate  that  the 
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lymphocytes either from cases of lymphatic leukgemia or the lymph 
nodes from cases of pseudo-leukaemia possess any such action. 
Eppenstein  ~ was  unable  to  show  any  biological  differences  be- 
tween  the  large  lymphocytes of  the  blood  from  a  case  of  acute 
lymphatic  leukaemia  and  the  small  lymphocytes  from  cases  of 
chronic lymphatic leuk~emia.  Luksch  G found in two cases of myelo- 
genous  leukaemia, both  of  which  had  very high  leucocyte counts, 
that  a  drop  of blood  produced  cupping  of  the  surface  of  coagu- 
lated blood serum at 55 °  C.  Blood from a  case of what he terms 
lymphatic leuk~emia,  showing  a  leucocyte count  of  8,6oo,  5I  per 
cent.  of  which  were  mononuclears  and  49  per  cent.  polynuclears, 
gave no digestion.  The diagnosis in a  second case was  somewhat 
doubtful, for there was no study of the blood, but the lymph nodes 
were  enlarged  and  contained  large  lymphocytes  and  there  were 
nodules  in  the  spleen.  The  cells  of  the  bone  marrow  and  the 
spleen  contained proteolytic ferments,  but  the  lymph glands  were 
without enzymotic action.  In a  third case the leucocyte count was 
ISo,ooo.  Of  the  white cells  98  per  cent.  were  non-granular cells 
half of them small lymphocytes and the other half large, while all 
degrees  of transition between the two  were  observed.  The  blood 
from this case did not digest the blood serum.  Luksch's conclusions, 
that the large lymphocytes in cases of lymphatic leukaemia are with- 
out ferments and act, therefore, like the small lymphocytes, do not 
seem to be entirely justified by his experiments, for in the first case 
there were probably not sufficient white cells in the drop of blood, 
otherwise one would expect to see some evidence of action from the 
polymorphonuclear  leucocytes,  which  are  known  to  contain  fer- 
ments and which were present in approximately the same numbers 
as  the lymphocytes.  The  diagnosis  in  the  second  case  is  too  un- 
certain to enable one to draw conclusions, while the third case was 
evidently not one of the pure large cell type of leukazmia.  Miiller  7 
states that in one case of acute lymphatic leukaemia the cells  acted 
upon coagulated blood serum at 55°-6o °  C. in the same manner as 
polymorphonuclear leucocytes, digesting the proteid when the reac- 
tion was alkaline or neutral. 
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Opie  s  has  demonstrated  the  importance  of  the  reaction  of  the 
fluid  in  which  the  leucocytes  are  allowed  to  act.  He  has  ob- 
served  that  the  cells  obtained  from  pleurisies  produced  experi- 
mentally  in  dogs  show  two  types  of  digestion,  corresponding  to 
the  two  varieties  of  cells  found  in  the  exudates.  The  enzymes 
derived  from the polylnorphonuclear  leucocytes or microphages  act 
best  in  an  alkaline  or  neutral  solution,  whereas  the  other  enzymes 
derived  from the large phagocytic cells or macrophages  act almost 
exclusively  in  an  acid  reaction.  In  neutral  or  alkaline  solutions 
Opie found that emulsions of lymph glands  from dogs, rich in these 
large  phagocytic  cells,  have practically  no  proteolytic action,  while 
in  dilute  acid  suspension  the  emulsions  showed  definite  enzymotic 
activity. 
In the presence of fresh unheated blood serum, the leucocytes and 
large  phagocytes  are  practically  inactive,  for  the  blood  serum,  as 
has been demonstrated  by Opie, 9 Jochmann  and  Miiller,  TM  Wiens, 11 
Bittorf, 12 and  Wiens and  Mtiller, la  contains  an anti-ferment  which 
though injured when heated to 55°-6o °  C. is not entirely destroyed 
until  the  serum  is  heated  to  75 °  C.  for  several  minutes. 
In  view of  the  discussion  as  to  the  origin  of  the  large  lympho- 
cytes in acute lymphatic leuk,qemia and their relationship to the gran- 
ular myelocytes on the one hand  and  the non-granular  lymphocytes 
on  the  other,  it  seemed of  importance  to  establish,  if  possible,  the 
position of these cells on a  biological basis. 
Since  it  was  necessary  to  study  the  leucocytes  of  the  circulat- 
ing blood, a  method had to be devised  for obtaining  the white cells 
as  free  as  possible  from  the  admixture  of  the  red  corpuscles.  It 
was,  moreover,  important  to  free  the  white  cells  from  the  serum, 
on account of the property which the blood serum has  of inhibiting 
the  enzymotic  action  of  the  leucocytes.  To  procure  the  lympho- 
s Opie,  Jour.  of Exper.  Med.,  19o5, vii, 316;  19o6, viii, 41o;  19o7, ix, 391  and 
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cytes in as great a  concentration as possible the blood, drawn from 
the arm vein, was diluted with several times its volume of  1. 5  per 
cent. sodium citrate, the mixture centrifugalized and the upper buffy 
layer withdrawn.  As could be determined by microscopical exami- 
nation, this layer contained practically all the leucocytes.  The mix- 
ture of leucocytes and red blood cells was then washed three or four 
times in 0.85 per cent. sodium chloride suspended in a given quantity 
of this solution and used  for the experiments.  In a  few instances 
one per  cent.  ammonium oxalate was  employed instead  of sodium 
citrate.  As  the  ammonium oxalate destroyed  the  red  blood  cells 
the leucocytes were obtained in pure state at the bottom of the cen- 
trifuge tube. 
In  the  first  experiments  only  qualitative  determinations  of  the 
proteolytic action of the leucocytes were made and for this purpose 
the  method  described  by  Jochmann  and  Miiller  was  adopted.  A 
mixture of horse serum and bouillon, which was approximately the 
same  as  is  recommended  for  the  preparation  of  L6fflers'  blood 
serum,  was  coagulated  in  Petri  dishes.  Upon  these  plates  were 
dropped  equal  quantities  of  the  suspension  of  leucocytes  and  a 
o.85 per cent. sodium chloride solution, o.I and o.2 per cent. sodium 
carbonate and o.I  and o.2 per cent.  hydrochloric acid.  One  set of 
plates  was  usually incubated  at  37 °  C.,  another  set  at  5o-55 °  C. 
Jochmann  and  Mfiller  state  that  proteolysis  is  much  more  active 
at the latter temperature than at 37 °  C.  The  presence  of proteo- 
lysis was estimated by cupping and liquefaction of that portion of 
the blood serum covered by the drop of leucocytic suspension. 
By this method it could be shown that the leucocytes of the blood 
of  normal  individuals  contained  definite  enzymes,  which  acted  in 
neutral, akaline, and acid media and seemed to digest best at 55 °  C. 
XIV.  Healthy  individual.  January  IO,  I9o8. 
Twenty c.c. of blood were withdrawn and pu'{ into 3o  c.c.  I  per cent.  ammo- 
nium  oxalate.  Centrifugalized  sediment  was  washed  three  times  in  o.85  per 
cent.  sodium  chloride.  Sediment consists exclusively of  leucocytes,  principally 
of  the  polymorphonnclear variety. 
Equal  parts  sed. -5 0.85  per  cent.  sod.  chloride 
Equal  parts  sed. -5 o.I  per  cent.  sod.  carbonate 
Equal  parts  sed. +  o.i  per  cent. hydrochloric ae. 
Equal  parts  sed.-5o.2  per  cent.  hydrochloric ac. 
37  ° C.  37  ° C.  55  ° C.  55  ° C 
26 hrs.  44 hrs  eo hrs.  44 hrs 
+--  +  +  + 
+--  +  +  + 
_  __  ++  ++ 
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--  No  cupping of  coagulated  serum. 
+-  =  Uncertain  cupping of coagulated  serum. 
+  ~  Definite  cupping  of  coagulated  serum. 
+  4-  ~  Deep  cupping of coagulated  serum. 
The  leucocytic  sediments  from  cases  in  which  the  leucocyte  count  showed 
a  marked  increase  of  the  white  cells  acted  in  much  the  same  manner,  except 
that  digestion  was  often  more  marked. 
IV.  December 15,  19o  7  .  Pneumonia. 
Twenty c.c.  of blood put into  15  c.c.  ammonium oxalate;  o.5  per  cent. white 
sedimen'/, consisting entirely of  leucocytes, was  washed three times  in  0.85  per 
cent.  sod. chloride and  made up  to 2  e.c.  with the  same  solution. 
o.I c.c. sed. +  o.I c.c. 0.85 per cent. sod. chloride 
o.I c.e. sed. +  o.i c.c.o.i  per cent. sod. carbonate 
o.I c.c. sed. +  o.I c.c.o.I  per cent. hydrochloric ac. 
+++  ~- cupping  with  liquefaction. 
37  °  C.  37  °  C.  55  °  C.  55  °  C. 
x6 hrs.  4  °  hrs.  i6 hrs.  4  °  hrs. 
+--+:+  +,++  ++++ 
+--  ++  +i++  ++++ 
+--  ++  +++  ++++ 
XVashed  pus was found to act in exactly the same manner  as the 
leucocytes  from  the  blood  of  normal  individuals  and  of  persons 
showing a marked leucocytosis.  As it was impossible to obtain pus 
which  was  sterile,  specimens  were  chosen  which  contained  either 
pneumococci  or  streptococci,  organisms  that  have  little  or  no  pro- 
teolytic action. 
VII.  Thick  white pus  contains pneumococci in  pure  culture. 
Microscopical  examination  shows  that  the  cells  are  almost  excusively poly- 
morphonuelear leucocytes; very  rarely  a  mononuelear cell  is  seen. 
Pus  washed  three  times  in  o.85  per  cent.  sodium  chloride,  used  without 
dilution. 
37  ° C.  55  ° C. 
4 ~ hrs.  66 hrs.  42 hrs.  66 hrs. 
Equal parts pus +  0.85 per cent. sod. chloride  ,+  +:++  +'++  ++++ 
Equal parts pus +  o.I  per cent. sod. carbonate  :+  +!+~+  +,++  ++++ 
Equal parts pus +  o.I  per cent. hydrochloric ac.  +  +i+,+  +,++  ++++ 
This  simple  method,  which  we first  adopted,  gave very striking 
evidence  of  the  existence  of  proteolytic  activity  of the  leucocytes, 
but afforded no definite information by which we could compare the 
action  obtained  in  one  experiment  with  that  observed  in  another. 
It was therefore decided to estimate accurately the amount of diges- 
tion by the method of determining the nitrogen of the uncoagulable 
proteid,  as suggested by Opie.  For this purpose, measured  quanti- 
ties  of  the  leucocytic sediments  were allowed  to  act  on  measured 
quantities  of heated  blood serum  in  neutral,  alkaline  and  acid  sus- Warfield  T.  Longeope  and  J.  L.  Donhauser.  623 
pensions.  Horse  serum  or  human  serum  was  diluted  with  three 
parts  of o.85 per cent. sodium chloride and heated  for half  an hour 
at  75°-8o °  C.  When  the  serum  is  thus  diluted,  heating  produces 
no coagulum, but a  thin  milky fluid which can  readily be measured 
in  a  pipette.  Measured  quantities  of the  suspension  of  cells to be 
tested were added to  IO cubic centimeters  of the heated  serum  in  a 
flask with a  capacity of 2oo cubic centimeters and the total quantity 
made  up  to  2o  cubic  centimeters  by the  addition  of  o.85  sodium 
chloride,  sodium carbonate or acetic acid.  The  addition  of sodium 
carbonate  and  acetic acid  was  so arranged  that  the  resulting  mix- 
ture would be o.2 per cent. alkaline or o.2 per cent.  acid. 
To  each  flask  one  cubic  centimeter  of  toluol  was  then  added. 
Finally  the  flasks  were  stopped  with  corks  and  placed  in  the 
thermostat,  usually  for five days.  As  a  control  the  suspension  of 
cells was boiled and treated in the same manner as described.  Boil- 
ing  for two or three minutes  was  found  to  destroy completely the 
proteolytic action of the cells. 
Most  of  these  experiments  were  conducted  at  36°-37 °  C.  At 
the  end  of  five  days,  after  the  addition  of  equal  quantities  of  16 
per cent. magnesium sulphate, the contents of the flasks were boiled, 
acidified with dilute acetic acid, boiled again, neutralized and filtered 
directly into Kjeldahl flasks.  The small flasks were washed several 
times, the washings  poured  onto the filter and  the coagulum  in the 
filter finally washed again.  The nitrogen  of the filtrate  was deter- 
mined by the Kjeldahl method,  the quantity of nitrogen  in uncoag- 
ulable  form  representing  the  amount  of  proteid  digested.  The 
figures  in  the  tables  represent  the  number  of  cubic  centimeters  of 
N/Io  hydrochloric acid neutralized  and not the total nitrogen.  All 
the  experiments  were performed  in  duplicate. 
By this method it was found, as Opie has already stated,  that the 
polymorphonuclear leucocytes digested best in an alkaline or neutral 
medium and  very slightly  in  an  acid  medium.  The  following ex- 
periment  demonstrates  this  fact  definitely. 
XXVI.  March  18.  Thick,  yellow  pus  from  ankle  is  composed almost  ex- 
clusively  of  polymorphonuclear  leucocytes.  Cultures  give  Streptococcus 
pyogenes.  Pus  is  washed three times  in  o.85  per cent.  sodium chloride.  3  c.c. 
washed cells are suspended in 9 c.c.o.85 per cent. sodium chloride.  I  c.c. of this 
mixture ~  .33  c.c. cells. 624  Proteolytic  Ferments  of Large Lymphocytes. 
i  c.e. +  horse  serum--neutral  ...................................  I6.I 
I  c.c. pus  +  horse  serum--o.2  per cent. alkaline  .................  I8.4 
i  c.c. pus  +  horse  serum---o.2 per  cent. acid  ....................  6.3 
I  c.c. pus  boiled +  horse  serum--neutral  (control)  .............  2.8 
5 days at 36.5  ° C. 
Since  the  main  object  of  these  experiments  was  to  study  the 
proteolytic  enzymes  in  the  leucocytes  in  leuk~emia,  the  foregoing 
protocols  may  be  considered  as  controls  with  which  it  is  possible 
to  compare  the  results  of  the  experiments  which  follow.  It  has 
been  shown that  the leucocytes of normal blood, of the blood  from 
cases showing a leucocytosis, and of pus, all contain a  ferment which 
has  the  power  of  digesting  proteids  in  neutral,  alkaline  and  acid 
media;  and  with  pus,  which  is  composed  chiefly  of  polymorpho- 
nuclear  leucocytes,  this  action  takes  place  best  in  an  alkaline  or 
neutral  solution. 
It was possible  to  study the  ferments  in the  leucocytes  from the 
blood of a  case of myelogenous leuk~emia and it was found that the 
leucocytes in this case acted in much the same manner as the  leuco- 
cytes of pus. 
The  patient  was  a  man  under  the  care  of  Dr.  DaCosta  at  the 
Jefferson  Hospital.  To Dr.  DaCosta  we  are  greatly  indebted  for 
the  opportunity  of  obtaining the  material  for  study.  The  patient 
had suffered from myelogenous leuk~emia  for years and at the time 
that  the  blood  was  obtained,  had  an  enormous  spleen  filling  most 
of  the  abdomen.  The  leucocytes  were  274,000.  A  differential 
count showed the  following proportion  of cells: 
Per Cent. 
Polymorphonuclear  neutrophiles  .............  33o  67.8 
Neutrophilie  myelocytes  .....................  Io9  21.8 
Basophiles  ...................................  I2  2.4 
Polymorphonuclear  eosinophiles  ..............  I  o.2 
Eosinophilic  myeloeytes  ......................  3  o.6 
Small mononuclears  .........................  9  1.8 
Large  mononuelears  .........................  I2  2.4 
Unidentified  cells ............................  I5  3-9 
It will  thus  be  seen  that  89.6  per  cent.  of  the  cells  were  neutro- 
philic  leucocytes and  myelocytes. 
XXVII.  March  27.  I5  c.c. of  blood  in  I00  c.c. of  1.5  per  cent. sodium 
citrate  is  centrifugalized;  upper  layer  is  drawn  off  and  is  2.  5  c.c., composed Warfield  T.  Longeope and  J.  L.  Donhauser.  625 
principally  of  white  cells.  They are  washed  four  times  in  o.85  per  cent.  sodium 
chloride  made  up  to  8  c.c.  with  the  same  solution.  I  c.c.  of  the  mixture  equals 
•  31  c.c.  cells. 
I  c.c.  cell  suspension +  coagulated  horse  serum--neutral  .................  19.5 
I  c.c.  ceil  suspension  +  coagulated  horse  serum--.2  per  cent.  alkaline  .....  2o.5 
I  c.c.  cell  suspension  +  coagulated  horse  serum--.2 per  cent.  acid  ........  13.8 
I  c.c.  cell  suspension boiled  +  coagulated  horse  serum--neutral  (control).  2.4 
5  days at  37 °  C. 
There  is  perhaps  more digestion  in  acid  medium than  was  ob- 
tained with pus alone. 
During this study we were most fortunate in having at the Penn- 
sylvania Hospital,  under the care of Dr.  J. A.  Scott,  a  typical case 
of  acute  lymphatic leuk~emia.  The  patient  was  a  young man,  a 
tailor by trade,  and  twenty-two years of  age.  When he was  ad- 
mitted on January  1%  19o8 ,  he had  been acutely ill  for five days 
with fever, headache and abdominal pain,  though for two or three 
weeks he had been  feeling unwell  and  had  suffered with what  he 
supposed  was  "  grippe."  On  admission  he  showed  some  pallor, 
and had slight enlargement of the cervical and inguinal lymph nodes. 
There was a  systolic murmur at the apex of the heart.  The liver 
and spleen were not palpable.  The illness progressed rapidly and 
was characterized by fever, varying from IOI °  to  lO4.4%  progres- 
sive anemia,  a  petechial eruption in  the axill~e,  repeated epistaxes, 
vomiting and progressive weakness. 
The examination of the blood showed a progressive anaemia with 
an  increasing leucocytosis.  The  following table  shows  the  actual 
numbers and percentages of cells. 
Differential  Counts. 
Jan.  Hb. 
2o  39 
22  39 
24 
26  39 
28  35 
29  2o 
3 °  17 
Rbc. 
2,104,000 
1,320,OOO 
I, 124,OOO 
8 32,ooo 
12 nucleated r.b.e. 
Lcts.  Poly.  Neut. 
Myel. 
88,00o 
lO4,OOO  I6.6  2o. 2 
I20~OOO 
114,OOO 
17o,0oo 
238,00o  4.7  3 .8 
414,ooo  4.1  4.6 
L.  S. 
~Iono.  Mono. 
52.0  5.0 
76. 7  5. ° 
77.7  6.7 
[ Baso.  Eosin.  Uni- 
dent. 
0.2  ~  3.2 
0.6 
1.4 
9.I 
5.5 
The blood  picture  was  characterized by  the  presence of  typical 
large  lymphocytes.  These  cells  possessed  large  round,  oval,  in- 626  Proteolytic  Ferments  of Large Lymphocytes. 
dented  01-  somewhat  irregular  nuclei,  staining  rather  palely  by 
Wright's stain, which were surrounded by a  wide rim of protoplasm 
taking  a  faint  basophilic  stain.  Srnears  stained  in  Ehrlich's  mix- 
ture  showed  no  granules  in  the  protoplasm  of  most  of  these  cells, 
though  a  few definite neutrophilic  myelocytes were  seen. 
Sillce  the  cells  which  formed the  great bulk  of  the  leucocytes  of 
the blood were thought to be lymphocytes, it was suspected that they 
might  have  either  no  proteolytic  action,  whatever,  or  if  they  did 
possess  a  ferment  which  digested  proteid,  that  this  ferment  might 
act  differently  from  the  enzymes  in  the  polymorphonuclear  leuco- 
cytes and  granular  myelocytes. 
The  first  experiment  showed  that  the  cells  contained  definitely  a 
proteolytic  ferment. 
xIX.  January 27.  Leucocytes  35o,ooo.  IO c.c. of blood  are  drawn  in  I5O 
c.e. of  1.5  per cent.  sodium  citrate.  2 c.c. of  sediment  which  is  a  mixture  of 
red  blood  corpuscles  and  leucocytes  are  obtained.  Sediment  is  made up  to 20 
c.c. with o.85 per cent.  sodium  chloride;  5 c.c. contains o.5 c.c. cells. 
5 c.c. sediment  -1- human serum--neutral ..........................  12.7 
5 c.c. sediment boiled  -t- human serum--neutral; control ...........  1.3 
5 days  at 37 °  C. 
That  this  proteolytic  action  is  really  dependent  upon  the  large 
lymphocytes and  not  upon  the  presence  of  the  small  percentage  of 
granular  leucocytes,  could  be definitely  shown  in  later  experiments 
where it was  found  that  the lymph nodes  from this case, which  did 
not  contain  any  granular  cells,  acted  in  the  same  way  as  the  cells 
of the blood. 
The case terminated  fatally and  immediately after death  a  trocar 
was  inserted  into  the  right  side  of  the  heart  and  blood  withdrawn 
under  aseptic  conditions  into  I. 5  per  cent.  sodium  citrate.  In  this 
way about 750 cubic centimeters of blood were obtained.  The mix- 
ture,  which  looked  like  yellow  pus  with  a  thin  layer  of  blood  at 
the bottom, was kept at 5 °  C.  By centrifugalization pure leucocytes, 
free from red blood cells could be obtained. 
The  following  experiment  shows  that  these  cells  digest  best  in 
alkaline  and  neutral  media, but  are  also quite  active in the presence 
of acid. 
xx.  Twelve c.c. of washed leucocytes  are made up to 60 c.c. with 0.85 per 
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5  c.c.  cells  +  human  serum--neutral  .............  ...............  I6.3 
5  c.c.  cells  +  human  serum--.2  per  cent.  alkaline .................  I5.9 
5  c.c.  cells  +  human  serum--.2  per  cent.  acid ....................  II.2 
5  c.c.  cells  boiled  +  human  serum--neutral  (control)  .............  3.5 
5  days  at  37 °  C. 
If we compare the figures in this experiment with those obtained 
by the action of pus and of the leucocytes from the case of myelog- 
enous  leukmmia, it  may be  seen that  though the  quantity  of  cells 
from the case of  lymphatic leuk~emia was three times as  great as 
that in the other two experiments, digestion was not quite as good 
in neutral and alkaline media, but somewhat better comparatively in 
acid medium.  Since it could be shown, as will be seen later, that the 
amount of digestion varied with  the quantity of cells employed, it 
may be suggested that though these large lymphocytes in lymphatic 
leukemia possess  an  enzyme which digests  proteid  in  neutral  and 
alkaline media, the ferment is not present in such great amounts as 
it  is  in  the  myelocytes and  neutrophilic polymorphonuclear leuco- 
cytes. 
The enzyme of the large lymphocytes seems to act better than the 
enzyme of the myeloeytes and polymorphonuclear leucocytes when 
the reaction of the solution is acid. 
Opie  found  that  a  powder  made  from  the  polymorphonuclear 
leucocytes retains  for a  long  time  that  ferment of  the  fresh  cells 
which  digests  in  neutral  and  alkaline media,  whereas the  enzyme 
acting in acid media is not so stable and in the powder diminishes 
or disappears. 
From the washed leucocytes obtained from this case of lymphatic 
leukaemia, a  powder was  prepared  in  the  following manner.  The 
mass of leucocytes was  covered first with several times its  volume 
of absolute alcohol.  This was repeated two or three times.  Next 
the gummy mass was treated in the same manner with ether, pressed 
between pads of filter paper, dried at room temperature and finally 
powdered in a  mortar.  The  freshly prepared powder,  in  amounts 
of  5o mgr.,,appeared  to  act  in  much the same way as  the  fresh, 
washed leucocytes. 
XXII. 
5o  mgr.  powder  -~-  horse  serum  .................................  i7.  7 
5o  mgr.  powder  :-I-  horse  serum--alkaline  ........................  i6. 5 628  Proteolytic  Ferments  of  Large  Lymphocytes. 
5o mgr. powder +  horse serum--acid  ............................  8.8 
5o mgr. powder boiled  (control)  .................................  3.2 
50 mgr. powder  in o.85 per cent.  sodium chloride ..................  3.2 
5 days  at 37 ° C. 
The powder itself  shows  very little  autolysis. 
After the powder had been kept at room temperature  for nineteen 
days the same quantity  as  was used  in  Experiment  XXII  showed  a 
distinct  decrease  in  enzymotic  activity. 
XXIV. 
50 mgr.  powder +  horse serum  .................................  5.1 
8o mgr. powder +  horse serum--alkaline  ........................  lO.9 
5o mgr. powder +  horse serum--acid ............................  6.4 
5o mgr. powder boiled  (control)  .................................  3.I 
.5 days at 37 ° C. 
This experiment was repeated several times, always with the same 
result. 
By increasing the quantity  of powder to  IOO grin.  the  amount  of 
digestion,  when  the  experiment  was  done  in  the  presence  of  0.85 
per  cent.  sodium  chloride,  was  almost  doubled  and  much  increased 
when  the  solutions  were made alkaline. 
XXVIII. 
50 mgr. powder  +  horse serum  ................................  5.7 
ioo  mgr. powder  +  horse serum  ................................  II.O 
5o mgr. powder  +  horse serum--alkaline  .......................  12.2 
ioo mgr. powder +  horse serum--alkaline  .......................  18.5 
5o mgr. powder boiled  +  horse serum  (control) .................  3.8 
5 days at 37 ° C. 
From these  experiments it may be seen that the white cells in  the 
blood  in  this  case  of  so-called  acute  lymphatic  leukaemia  possess  a 
proteolytic  enzyme  which,  though  probably  present  in  the  cells  in 
not so great amount,  is still  qualitatively the  same as the proteolytic 
enzyme  of  the  polymorphonuclear  leucocytes  and  granular  myelo- 
cytes. 
Since the lymph nodes,  in  this  case,  were enlarged  and  on micro- 
scopical  examination  were  found  to be  made  up  almost exclusively 
of large cells  similar to those  found  in the circulating blood,  it  was 
of  interest  to  study  the  digestive  ferments  in  these  glands  and  to 
compare their action with that of normal lymph glands  or of lymph 
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As it was possible to obtain only one or two glands, there was not 
sufficient material to study the enzymotic activity quantitatively, but 
the  following  experiments  show  that  the  cells  of  these  enlarged 
glands  contained  proteolytic  enzymes  acting  best  in  an  alkaline 
medium. 
xxI.  Emulsions  of  inguinal  lymph  glands  are  washed  three times  in  o.85 
per cent. sodium chloride. 
~o hrs,  48 hrs, 
Emulsion +  0.85 per cent. sod. chloride on coag. serum plate  ?  ++ 
Emulsion +  0.2  per cent. sod. carbonate on coag. serum plate  ++  ++++ 
Emulsion +  0.2  per cent. hydrochloric ac. on coag. serum plate  ?  +:+ 
Plates  kept at 55  °  C. 
Lymph  glands  which  showed  slight  hyperplasia  were  found  to 
act  on  coagulated  blood  serum  in  an  entirely  different  manner. 
Enlarged  inguinal  glands  were obtained  from a  case  of carcinoma 
of  the  penis.  Microscopically  the  glands  showed  well-marked 
lymphoid  hyperplasia  with  some  proliferation  of  the  large  endo- 
thelioid cells. 
XV.  Emulsions  of glands  are  washed  three times  in  o.85 per cent.  sodium 
chloride. 
I8 hrs.  42 hrs.  66 hrs. 
Equal parts of emulsion -]- 0.85 per cent. sod. chloride  __  m 
Equal parts of emulsion +  o.I  per cent. sod. carbonate  --  ~ 
Equal parts of emulsion +  o.I  per cent. hydrochloric ac.  --  +  ++ 
Equal parts of emulsion +  0.2  per cent. hydrochloric ac.  +--  ++  ++ 
Plates  kept at 55  ° C. 
It may be seen that the results of this experiment differ absolutely 
from  those  obtained  from  the  glands  from  the  case  of  lymphatic 
leuk~emia, since in the last experiment digestion has taken place only 
in the presence of acid. 
Much the same result was obtained with an emulsion of the hyper- 
plastic mesenteric lymph nodes  removed at autopsy  from a  case of 
typhoid  fever.  Since the mesenteric lymph nodes  in typhoid  fever 
contain great numbers of large phagocytic cells,  described  by Mal- 
lory and  others  as  endothelioid  cells,  these lymph nodes  seemed to 
offer excellent  material  for  the  comparison  of  the  action  of  such 
cells  with  the  large  lymphocytes in  lymphatic leuk~emia.  The  fol- 
lowing experiment demonstrates, however, that emulsions of glands 
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tirely differently from the large lymphocytes in the case of leukemia 
and  digest,  as  Opie  has  already  shown,  almost  exclusively  in  the 
presence of acid. 
xxxII.  Thick  emulsion of  mesenteric  lymph  nodes  in  o.85 per  cent. has 
been obtained  from  a  case of  typhoid  fever.  2  c.c. of  emulsion equal about 
o.5 c.c. pure cells. 
2 c.c. emulsion +  horse  serum  .................................  4.o5 
2 c.c. emulsion +  horse  serum--alkaline  ........................  4.0 
2 c.c. emulsion +  horse  serum--acid  ............................  I2.3 
2 c.c. emulsion boiled +  horse serum  (control) ..................  2.6 
2 c.c. emulsion +  o.85 per cent. sod. chloride  (control) ...........  3.o 
5 days at 37  ° C. 
Finally it  was  possible  to  study the  action  of  the  glands  from a 
case  of  chronic  lymphatic  leuk~emia.  For  the  material  from  this 
case of leukmmia we are indebted to Dr.  Funke and to  Dr.  William 
Pepper.  The  patient,  during life,  had  an  exceedingly  high  leuco- 
cyte  count,  the  total  number  of  white  cells  reaching,  at  one  time, 
one million.  Over 9  per cent.  of the  cells  were  small lymphocytes. 
At autopsy the lymph nodes were  enormously enlarged and  on sec- 
tion showed a  reticular mesh work, crowded almost exclusively with 
small lymphocytes, similar  to those in the blood. 
The  following  experiments  show  that  emulsions  of  the  glands, 
as well as pieces of the glands themselves,  failed to digest coagulated 
blood serum  in any medium. 
2 4 hrs.  4 8 hrs. 
Emulsion  +  0.85 per  cent. sod. chloride  --  -- 
Emulsion  +  o.1  per  cent. sod. carbonate  --  -- 
Emulsion  +  o.1  per  cent. hydrochloric  acid  --  -- 
Pieces of gland  +  0.85 per  cent. sod. choride  --  -- 
Pieces of gland  +  o.I  per  cent. sod. carbonate  -- 
Pieces of gland  +  o.I  per  cent. hydrochloric acid  -- 
Plates kept at 55 ° C. 
Though it was impossible to obtain lymphocytes of the circulating 
blood  from  a  case  of  small  cell  lymphatic  leuk~emia,  yet  the  last 
experiment seems  to confirm very definitely the  work of Jochmann 
and  Mfiller,  Stern  and  Eppenstein  and  others,  and  shows  that  the 
small  lymphocytes  in  the  enlarged  lymph  nodes  in  that  type  of 
lymphatic leuk~emia, which is characterized by the presence of small 
lymphoeytes  in  the  blood  stream,  do  not  have  any  proteolytic  en- Warfield T.  Longcope  and J.  L.  Donhauser.  631 
zyme which is demonstrable by allowing the cells to come in contact 
with coagulated blood serum in the presence of neutral, alkaline or 
acid solutions. 
CONCLUSIONS. 
The leucocytes of the blood of normal individuals and of patients 
showing a marked polymorphonuclear leucocytosis contain enzymes 
capable of digesting coagulated blood serum in neutral, alkaline or 
acid solutions. 
The cells in pus that is composed principally of polymorphonuclear 
leucocytes and the leucocytes of the circulating blood in myelogene- 
ous  leukzemia  contain similar  proteolytic enzymes, which  act  best 
when the reaction is alkaline. 
The leucocytes of the circulating blood and of the enlarged lymph 
nodes from a case of large cell, acute, lymphatic leukmmia contain 
proteolytic enzymes that act qualitatively in much the same way as 
the leucocytes of pus  and as  the white corpuscles of  the  blood  in 
myelogenous leukemia. 
These large lymphocytes in acute lymphatic leukmmia can be dif- 
ferentiated biologically from the small lymphocytes in chronic lym- 
phatic leukmmia which possess no proteolytic enzymes, and from the 
large endothelioid cells of the hyperplastic lymph glands which are 
proteolytic only in the presence of acid. 
These results  seem to  show that  the large cells  of the  so-called 
acute lymphatic leukemia are not true lymphocytes, but are nearly 
related to the granular myelocytes and should probably be  consid- 
ered as the forerunners to these cells. 